Human T-cell leukemia virus type 1 (HTLV-1) immortalizes human CD4+ T lymphocytes in culture. Previous studies show that in the context of a herpesvirus saimiri vector, the sequence of the X region at the 3' end of the HTLV-1 genome is also capable of immortalizing CD4+ lymphocytes in the absence of HTLV-1 structural proteins. The X region of HTLV-1 encodes two trans-acting viral proteins, the 42-kDa Tax protein and the 27-kDa Rex protein. Infection of human cord blood cells with herpesvirus saimiri recombinants which contain HTLV-1 X region sequences defective for expression of tax, rex, or both tax and rex demonstrates that tax function is necessary and sufficient for immortalization of primary human CD4+ cord blood lymphocytes in culture in the context of the herpesvirus saimiri vector.
Human T-cell leukemia virus type 1 (HTLV-1), a retrovirus, causes an aggressive malignancy of human T lymphocytes, the adult T-cell leukemia/lymphoma (ATLL) (36, 37, 53) , and a neurodegenerative disease designated HTLV-1-associated myelopathy or tropical spastic paraparesis (15, 22, 35) . The virus can infect primary human cells upon cocultivation with virus-producing tumor cell lines. Immortalized CD4+ T lymphocytes closely resemble the cells present in ATLL patients and can be derived from peripheral blood, cord blood, and thymocytes infected with HTLV-1 (30, 38, 52) . The absence of specific integration sites and the lack of a classical oncogene in the viral genome suggest the involvement of viral gene products in immortalization of T cells (40) .
The proviral DNA of HTLV-1 contains, in addition to the genes common to all retroviruses, a segment of 1.6 kb located at the 3' end of the genome, the X region (41 (26, 31) . The protein p27rt is required for the cytoplasmatic expression of incompletely spliced viral mRNAs, which encode structural proteins. Rex activity is mediated by a cis-acting RNA signal sequence, which is bound specifically by Rex protein (3, 4, 16, 19, 42, 49) . Rex stabilizes mRNA of the interleukin-2 (IL-2) receptor a chain (IL-2Ra) (24) . The transactivator p42'a stimulates viral transcription (6, 43, 47) and additionally activates transcription of several cellular genes, including those encoding transcription factors (11, 12, 51) , , IL-2Rax (8, 21, 44) , IL-3, granulocytemacrophage colony-stimulating factor (29) , tumor necrosis factor ot (50) , and tumor growth factor P1 (25, 32 inserted the X region into the replication-competent transformation-defective herpesvirus saimiri vector. We could show that in the context of the herpesvirus saimiri vector, the X region is sufficient to immortalize primary human CD4+ thymocytes and cord blood cells (17) . In this study, we examined the ability of herpesvirus saimiri recombinants that express only HTLV-1 tax or HTLV-1 rex functions to immortalize primary cord blood lymphocytes.
To investigate the immortalizing potential of HTLV-1 X region genes, wild-type and modified versions of the X region were introduced into herpesvirus saimiri as the vector. The vector strain used for these studies, herpesvirus saimiri 11S4 (9) , is a deletion variant of herpesvirus saimiri 11 . This wild-type strain is capable of immortalizing (CD8+) lymphocytes of common marmosets (Callithrixjacchus) but not human cells. Herpesvirus saimiri 11S4 has lost 3.5-kb genetic information required for the transformation of New World primate lymphocytes (9, 10) . This region encodes a protein (STP-A) which is able to transform rat fibroblasts and to induce tumors in nude mice (23) . The vector strain used replicates well in tissue culture but is not a transforming virus. The creation of a recombinant herpesvirus saimiri which expresses the HTLV-1 X region genes is a three-step process described earlier (2, 17, 18) . Briefly, the X region genes were first assembled within a functional transcription unit, allowing expression in T cells. The expression cassettes were then inserted into a plasmid that contains flanking herpesvirus saimiri sequences as well as a dominant selection marker. The plasmid was introduced together with infectious virion DNA into owl monkey kidney cells, which are permissive for herpesvirus saimiri replication. Recombinants between the two transfected sequences are formed.
The HTLV-1 sequences used for these studies (Fig. 1 ) include the 3' part of the provirus starting at the 3' end of the env gene and a short region overlapping the 3' end of the pol gene and the 5' end of the env gene. The latter region specifies the first coding exon of tax and rex and contains the 5' splicing site necessary to make an authentic X region mRNA product. The of tax and rex. The promoter located 5' of the first coding exon of tax and rex is derived from the murine retrovirus SL3-3 and was selected because it functions very well in T cells (7) . The homologous transcriptional termination signals are present in the 3' long terminal repeat (1) . The plasmid produces both the 42-kDa Tax and the 27-kDa Rex protein.
Envelope-related proteins are not expressed by this plasmid (17) .
For the studies described here, the X region was altered to eliminate selectively expression of tax function, rex function, and both tax and rex functions (Fig. 1) . The X region variant that expresses tax but not rex function was generated by removing four nucleotides (5145 to 5148), including the AUG initiation codon of the 27-kDa Rex protein (dSPH). The deletion was created by SphI cleavage and removal of the protruding ends by T4 DNA polymerase. In a second mutant (SFS), the tax function was selectively inactivated by the introduction of a frameshift mutation at the 3' end of the open reading frame by insertion of a KpnI octamer linker into a StuI site (nucleotide 8170). This mutation affects amino acids absolutely required for both homologous and heterologous transactivation (46) . As the open reading frames of rex and tax do not overlap in this region, rex expression is not affected. A double-negative mutant (dAC) with inactivated tax and rex functions was obtained by deleting 125 bp (7369 to 7494) from a region in which both open reading frames overlap. The sequences of the changes were verified, and resulting plasmids were all shown to express expected Rex and Tax proteins and associated functions.
The expression cassettes were inserted into pRUneo (17) adjacent to sequences homologous to the right end of the unique part of the herpesvirus saimiri genome. Recombinant viruses were obtained by cotransfection of virion DNA of herpesvirus saimiri 11S4 and the pRUneo derivatives. All three mutant X region constructs were inserted into the herpesvirus saimiri genome to yield viruses designated SIRdSPHtax+/rex-, SIR-SFStax-/rex+, and SIR-dACtax-/ rex-. Recombinant viruses were selected by using the antibiotic G418 and purified by three to five plaque isolations (2, 18) . Each purification step was followed by restriction enzyme and Southern blot analyses to ensure the presence of a complete and unrearranged X region expression cassette and to estimate the content of recombinant virus. The resulting viral stocks contained more than 95% recombinants. may be considered a normal feature of some HTLV-1-immortalized T lymphocytes (22, 38) . All cell lines were negative for CD8 and surface immunoglobulin expression.
Two cell lines, TAXI-1 and TAXI-3, immortalized upon infection of primary cells with SIR-dSPHtax+/rex-were studied in more detail. Lymphocyte cultures were tested 3 to 6 months after infection for the presence of viral episomal DNA. The cells were lysed in situ in the wells of an agarose gel and then subjected to electrophoresis (14) . Southern blot analyses of these gels by using an X-region-specific probe demonstrated recombinant, circular, high-molecular-weight, extrachromosomal DNA in all permanent growing cultures tested ( Fig. 2A) . TAXI-1 and TAXI-3 cell lines were examined for the presence of intact dSPH sequences. Total cellular DNA was prepared and digested with HindlIl, EcoRI, and SphlI. Southern blot hybridization demonstrated that both cell lines contain a complete copy of the mutant HTLV-1 X region (Fig. 2B) . The integrity of the tax open reading frame was also examined by using the polymerase chain reaction (PCR). PCR experiments were performed by using the Gene Amp DNA amplification reagent kit (N801-0055; Perkin Elmer Cetus) as instructed by the manufacturer. Samples were then run through 40 cycles of melting for 30 s at 95°C, annealing for 30 s at 54°C, and polymerization for 1 min at 72°C. The primers used had the sequences dCAGCCCACTTCCCAGGGTFI7TGGAC (nucleotides 7321 to 7344) and dGTGTGAGAGTAGAAATGAGGGGT (nucleotides 8178 to 8201). A single DNA fragment with the predicted size of 880 bp is amplified with the primer pair used (Fig. 2C) .
The permanent growing cultures infected with SIRHISLtax+/rex+ and SIR-dSPHtax+/rex-were analyzed for presence of X region transcripts. Northern (RNA) blot analysis using a radioactive probe homologous to the HTLV-1 X region detected two major RNA species of 3.8 and 2.0 kb (Fig. 3) corresponding to the full-length transcript and the major spliced product (17) . The ratio of full-length transcript to spliced RNA was 10:1 in all cells expressing both rex and tax functions (17) . The ratio of full-length to spliced RNA was much lower in cells lacking rex function. Gene expression from the vector is severely impaired, since cells do not secrete infectious virus particles and immediate early transcripts are not detected in T cells persistently infected with herpesvirus saimiri recombinants (45) .
The herpesvirus saimiri recombinant-transformed cell cultures were analyzed for production of HTLV-1 Tax and Rex proteins. Cell lines TAXI-1, Thy-38 (SIR-HISLtax+/rex+ transformed) (17) , KiA and CO+ (HTLV-1 transformed), and C91PL (ATLL tumor cell line) were examined by immunoprecipitation and sodium dodecyl sulfate-polyacryl- amide gel electrophoresis (Fig. 4) . The level of Tax protein present in TAXI-1 cells was similar to that in C91PL cells but two-to eightfold higher than in the other cell lines analyzed (Fig. 4A) . The 27-kDa Rex protein was not detected in TAXI-1 cells but was detected in the HTLV-1-immortalized cells and the Thy-38 cell line ( CO+, HUT102, and C91PL) and Jurkat cells transfected with the pX-expressing plasmid pHISLESX (17) . In accordance with previous results (17), pRSV-CAT and pU3R1-CAT yielded almost the same low CAT activity in Jurkat cells and herpesvirus saimiri-immortalized T cells (Fig. 5 and data not shown).
The data presented here demonstrate that the HTLV-1 X region gene tax but not rex is required for immortalization of primary CD4+ T lymphocytes in the context of the herpesvirus saimiri vector. Infection of fresh cord blood leukocytes with SIR-dSPHtax+/rex-resulted in permanently growing cultures. This recombinant contains a X region deprived of the rex start codon, a mutation which has been shown to 
